Background: It is estimated that major depression disorders constitute 8.2% of years lived with disability (YLDs) globally. The repetitive Transcranial Magnetic Stimulation (rTMS) and Electroconvulsive Therapy (ECT) are two relative common interventions to treat major depressive disorders, especially for treatment resistant depression. In this study the cost-effectiveness and cost-utility of rTMS were compared with ECT in Iranian population suffering from major depressive disorder using a decision tree model.
Introduction
Changing pattern of diseases and outstripping the prevalence of chronic diseases requiring long-term care, have led to changes in policy approaches and plans of health systems particularly in developing countries. These changes have had adverse consequences, especially in developing countries that have less potential and are less prepared to manage them. Mental disorders and illness are chronic health problems that have adverse effects on the quality of life in households and the social and economic development on a national scale (1) . Major depression's prevalence, morbidity, mortality and disability rates are growing now and it is predicted that they will be ranked as the first worldwide burden of diseases in developed countries in 2030 (2) . Studies on the Global Burden of Diseases conducted in 1990 and 2000 have had a main role in shifting international attraction and emphasis from the physical disorders to mental disorders, especially the depression (3) (4) (5) . According to Ferrari A.J.et.al., the depressive disorders have been the second leading cause of years lived with disability (YLDs and the major depressive disorders are accounted for 8.2% (5.9%-10.8%) of global YLDs. Also, they found that even though no mortality is attributed to depressive disorders, it is the leading cause of DALYs and the MMD is accounted for 2.5% (1.9%-3.2%) of global DALYs (6) .
This situation may become worse, if we consider the sexual and demographic distribution of the major depression. According to studies, the prevalence of major depression is more in female and also in young and productive population groups (6, 7) . So the major depression may lead to serious social and economic challenges in both developing and developed countries. There is no accurate estimation about the major depression in Iranian population, but according to the results of a systematic review conducted in Iran, the MMD prevalence was 4.1% (95% CI: 3.1-5.1) and women were 1.95 times more likely to have the MDD (8) .Also, in a national survey conducted in 2003, the major depressive disorders (MMD) ranked in the high four burden in all ages and both sexes. It is also the second cause of DALYs between Iranian female (9) .
Another study reported the MMD as the top cause of YLDs and the third cause of DALYs among 20 countries in MENA (the Middle East and North Africa countries including Iran) in 2010 (10) .
The considerable prevalence and burden of major depressive disorders made them as a high priority health challenge that requires adopting and implementing effective policies to solve it. The appropriate treatment strategy is the heart of solving this challenge. Nowadays, there are some therapeutic interventions to treat the major depressive disorders. The pharmacological interventions (11) and non-pharmacological Neuromodulation Therapies (NMTs) in cludeelectroconvulsive therapy (ECT) and the transcranial magnetic stimulation (TMS) (12) . But in major depressive disorders (MMDs) treatment, what makes the situation worse is the inefficacy of pharmacological interventions; Berlim et al (2008) concluded that up to 20-30% of subjects suffering from MMD remain significantly ill despite the use of multiple therapeutic interventions (13) . These cases are called the treatment resistant depression. So, each therapeutic intervention has its advantages and disadvantages.
The electroconvulsive therapy has been used to treat the patients who do not respond to antidepressant medication or psychological therapy. The ECT has been criticized as a therapeutic intervention because of the need to anesthesia, the risk of seizure and cognitive side effects (15, 16) .
The transcranial magnetic stimulation (TMS) and subsequent repetitive Transcranial Magnetic Stimulation (rTMS) have been developed in order to achieve effective and safe interventions for the treatment of the treatment-resistant depression over the last three decades. The TMS was first used in 1985 by Barker et al (16) .
Considering the above-mentioned findings, the choice of appropriate intervention should be selected based on appropriate criteria including: safety, clinical efficacy and economic considerations. The economic considerations imply the economic evaluation that is conducted through costeffectiveness and cost-utility analyses based on the current modeling approaches including the decision tree and Markov model.
This study aimed to calculate and compare the cost-effectiveness and cost-utility of the repetitive Transcranial Magnetic Simulation (rTMS) with electroconvulsive strategy through conducting a decision tree approach in the treatment of Iranian population suffering from the major depressive disorder.
Methods

Study Design:
This economic evaluation study was conducted using a decision tree model. The cost-effectiveness and costutility analyses were used to compare the rTMS with ECT as two therapeutic interventions for Iranian population suffering from major depression disorders (MMDs). According to clinical guidelines, treatment of major depressive disorders requires a one year intervention and follow up (17); but there are many studies recommended a7 month time horizon (15) (16) (17) (18) . So, we selected a 7 month time horizon including 3-4 weeks for intervention and about 6 months for the follow-up phase.
Data and Setting: Data related to the costs of resource evaluated in each therapeutic strategy. The direct costs were collected from the clinics and hospitals providing the ECT and rTMS to the patients suffering from major depressive disorder. The hospitalization and anesthesia are needed for the ECT, so the data regarding its cost were collected from a hospital. Hospitalization and anesthesia are not needed for the rTMS and it can be provided within outpatient settings and facilities. All those related costs were collected from the clinics of a public hospital and a private medical center both located in Tehran, Iran.
The efficacy data were collected through searching the reviews available in the literatures. The literature review conducted using a predefined search strategy in PubMed/Medline, Scopus, INAHTA, CRD, Trip, PsycInfo, Google Scholar, and Cochrane Library databases. The search strategy did not contain any time limitation and the appropriate terminology checked according to Mesh. We used the terms rTMS/TMS and ECT therapeutic efficacy and major depressive disorders, rTMS/TMS and ECT response rate and major depressive disorders, rTMS/TMS and ECT remission rate and major depressive disorders, rTMS/TMS and ECT relapse rate and major depressive disorders, and rTMS/TMS and ECT recurrence rate and major depressive disorders. A large number of primary outcomes are available as the clinical efficacy (therapeutic) for TMS and ECT methods. Among these indicators, response rate to the treatment, remission and relapse rates, number of patients requiring treatment and the risk difference were considered. Each of these indicators are based on Hamilton Scale, 17or 24 (HDRS 17 or 24) and the Montgomery-Asberg Depression Rating Scale (MADRS), BDI scores and AUSSI. In this study, the primary outcomes included the response, remission and relapse rates among the target population. The secondary outcome includes the rate of the change in the quality of life which is based on the overall index (Based on the overall quality of life).
Costing Approach: Costing was evaluated according to the resources utilized to provide the therapeutic services in each of ECT and TMS strategies.Each of these strategies have specific processes and activities including the manpower, machines and equipment, physical environment, materials, supplies and medication. These costs include both phases of the treatment (3-4 weeks) and follow-up (26-week maintenance phase) and also their weighted sum. After identification of these resources, an appropriate measure was used to measure the amount of initiatives done by each method. Finally, the total cost of each strategy was derived by multiplying the market price by the units of used resources. Before computing the total cost, the process and activities constituting each therapeutic strategy were identified. The abovementioned processes are explained as below (14, 17, 18) :
 The treatment process in (r) TMS: People suffering from resistant major depressive disorders undergo rTMS under supervision of a psychiatric. Usually the therapeutic plan includes one session (the first session) for examination the patient, 10 sessions for the therapeutic intervention (using rTMS) and 3 sessions for assessing the therapeutic trend and following up the patients. The first eleven sessions are donein3to 4weeks and called the initial/primary phase. Each session lasts about 20 to 30 minutes and a psychiatric performs related activities and practices. In cases with no response to the treatment, the psychiatric performs the therapeutic plan again. Patients with proper response to the treatment will enter the follow up (maintenance) phase. The second three sessions constitute the maintenance (follow up) phase and the patients will be visited every two months by a psychiatric or clinical psychologist. During the maintenance period, a certain dose and number of antidepressant (usually Fluoxetine) is prescribed for patients.
 Treatment process in ECT: In the ECT strategy, patients are hospitalized and they are taken to the ECT room after primary preparation for the therapeutic intervention. Initially, an IV line is taken, and then a rapid-action intravenous anesthetic medication (e.g. Thiopental) and a muscle relaxant medication (e.g. Esculin) are injected by an anesthesiologist. Under the supervision of a psychiatrist and by a trained nurse, patients receive shock using two electrodes that are placed on their temporal sides and are connected to the ECT device.The patients' seizure times are recorded. After finishing the shocking process, anesthetics technician gives patients nasal oxygen, removes pharyngeal secretions by suction and then patients are transferred to the recovery room. After there recovery, IV line is removed and the patient will be transferred to the waiting room.
At the end of the intervention and total consciousness, patients will be referred to their wards. Here, several issues must be considered: First, the time length of the ECT procedure in each session is not exactly fixed and may vary between 20 seconds to 1 minute. Second, the number of sessions depends on the patient's condition and his/her response to the treatment. Totally, between 8 to 17 sessions is needed; and in each session the patient is often hospitalized for 2 to 3 weeks. The maintenance or follow-up period lasts between 5 to 6 months and repeated visits will be done by a psychiatrist once a month. In addition, during the maintenance period, patients are taken anti-depressants each day and a sleeping medication every two days (type, dose and use of medications depend on the psychiatrist's prescription).
Modeling and description: A decision tree model was conducted to calculate the cost-effectiveness and cost-utility ratios of rTMS and ECT strategies. This model includes two strategies, rTMS and ECT. Considering major depressive disorders prevalence in Iran (about 0.127 that is equal to 169 people per 100000 Iranian population), a total of 9544008 patients were included in each strategy. The therapeutic intervention in each strategy had two phases: The first phase was the intervention period which lasted three weeks. During this period, patients were treated with both of these strategies. After the intervention period, patients entered the second phase in which they were monitored by a psychiatrist and a clinical psychologist. Medications were prescribed in this period on a regular basis. It was considered that patients may be improved after the first phase to be eligible to enter to the second phase or they may show no response to the treatment and should be re-treated. In fact, the first phase is intervention and the second phase is the maintenance (follow up) phase. Table 1 presents the parameters used in the study.
Here, some required explanations are presented:
1. There are no comprehensive statistics on the prevalence of major depressive disorders in Iran. A set of data has been announced by the Mental Health Office of Iran's Health Ministry. However, these data have been revised using the major depressive disorders statistics collected from a systematic review conducted in 2010(8) as well as expert opinions. So, three possible prevalence rates were considered including 4.1%, 8% and 10% in the analysis section.
2. The economic evaluation was conducted in two phases: At three to four weeks for the therapeutic phase and from 6 months to one year (49 weeks) for the maintenance (follow up) phase.
3. The incremental cost-effectiveness ratio, was calculated as below: ICER= 4. Robustness of the model: A sensitivity analysis was conducted to assess the validity and reliability of the model.The sensitivity analysis was performed on the response rate, remission rate and costs variations for each of the TMS and the ECT methods based on the prevalence of major depression in the general population.
Results
Total costs for the rTMS and the ECT as therapeutic strategies for major depressive disorder are presented in Table 2 . This table shows the costs for the primary phase and maintenance (follow up) phase and total costs of both phases for rTMS and ECT, separately.
The costs were calculated using a resource based valuing scale, in which all payments for the utilized resources for providing services had been computed. These costs included payments for psychiatrics, clinical psychologists, purchase of rTMS and cots for establishing, running and repairing of instruments, physical space and its furnishing, as well as costs of the rTMS consumption energy and supplies and consumable materials. Payments for drugs and psychiatric visits during the follow up phase were also calculated. Similar payments were also calculated for the ECT strategy with some differences. As the ECT required the hospitalization and anesthesia, these costs were also included. These included costs for hospital beds, ICU (if needed), recovery and ward charges, nursing services, food and other hospital accommodation charges. Therefore, the ECT strategy is a little more expensive than the rTMS strategy. Complete profiles of both rTMS and ECT strategies have been pre- After calculating the costs of rTMS and ECT strategies, the cost-effectiveness and cost-utility ratios have computed through a decision tree model. The decision model has been presented in Fig. 1 .
There was no comprehensive and accurate data on major depressive disorder in Iran and the I.R.I Ministry of Health Mental Health Office has been considered as a referral for the estimation of MMD prevalence in Iranian population. According to this issue, it was estimated that 9544008 Iranian people suffer from MMD. This figure has been calculated considering the Iranian Statistics Centre estimation of the country population which was about 75149669 people in 2011. So, the cost-effectiveness and cost-utility ratios were computed based on the response, remission and relapse probabilities extracted from the literature. Calculations presented in Table  3 .
The sensitivity analysis has been conducted to assess the robustness of the results. Here, one-way linear sensitivity analysis was conducted for the MMD prevalence, the remission rate and the costs of The change in the Quality of life in patients who improved by the rTMS in the first 3 weeks 54878.05 36641760(1240.8)
The change in the Quality of life in patients who improved by ECT in the first 3 weeks 143651.5
The change in the Quality of life in patients who improved by rTMS in both intervention and maintenance phases 62752.05 21017139(711.72)
The change in the Quality of life in patients who improved by rTMS in both intervention and maintenance phases 305874 each strategy.
If the MMDs prevalence is 4.1%,the ICER is:
At the end of the initial treatment phase (the first 3 weeks): 62327641000 Rials (2110654.961 US$) the ICER of the rTMS to the ECT. At the end of the follow up phase (including the first and maintenance phases): 252516000000 Rials (8551168.303 US$) the ICER of the rTMS to the ECT.
2. If the response rate in initial treatment phase is 0.4 after rTMS, the ICER is: At the end of the initial treatment phase (the first 3 weeks): 5563390000000 Rials (188397900.4 US$) the ICER of the rTMS to the ECT. At the end of the follow up phase (including the first and maintenance phases): 6413930000000 Rials (217200474.1US$) the ICER of the rTMS to the ECT.
3. If the remission rate in the maintenance phase is 0.5 percent after TMS, the ICER is: At the end of the initial treatment phase (the first 3 weeks): 5863390000000 Rials (198557060.6 US$). At the end of the follow up phase (including the first and maintenance phases):6620962300000Rials (224211388.4 US$) 4 . If the response rate in the initial treatment phase is 0.234 percent after ECT, the ICER is: at the end of the initial treatment phase (the first 3 weeks): 5563390000000 Rials (188397900.4US$). At the end of the follow up phase (including the first and maintenance phases):8935800000000 Rials (302600745 US$).
5. If costs of the rTMS strategy are based on a public-sector -regardless of profit and depreciation costs for equipment and buildings, the ICER is: at the end of the initial treatment phase (the first 3 weeks): 263008260Rials (8906.476803). At the end of the follow up phase (including the first and maintenance phases):630719860Rials (21358.61361 US$).
Discussion
Economic evaluation is a technique to allocate resources for the each health services. Mental health disorders especially the major depression is a growing problem that involves the female more than male and also the young population more than elders. The WHO has reported the major depression as a manageable health system challenge that can be controlled by reasonable and bearable costs if it is diagnosed in the primary phase and the initial stage. The prevalence and subsequent burden of MMD have an increasing pattern and trend. Treatment-resistant depression makes double problems for health systems and requires serious action. In Iran, the prevalence of major depression and especially the treatment resistant depression are not clear and the need of a comprehensive survey to monitor major depression is of great importance. Nevertheless, in this study major depression disorder therapeutic regimens including rTMs and ECT were analyzed in terms of cost-effectiveness and cost-utility ratios using a decision tree model. The total cost for treating major depression disorder by rTMS was11015000 Rials (373US$) and by the ECT was11742700 Rials (397.7US$). So, there is little difference in the calculated costs for the two strategies. The ECT strategy requires patients' hospitalization and anesthesia and also nursing care, therefore the ECT is more expensive than the rTMS. The main cost resource of the rTMS is associated with the purchase of the rTMS and also related human resources but the ECT's main costs are related to human resources and the physical space needed to establish the ECT. Knapp et al. concluded that "The cost of a single session of rTMS was lower than the cost of an ECT session, but overally there is no treatment cost differences" (15) . Kozel et al. mentioned" The total costs, incurred during the 52-week period were $57,845,347 for rTMS and$186,359,571 for ECT" (23).
If we consider informal costs including loss of productivity and transportation costs, it may be no difference between both rTMS and ECT strategies. McLoughlin et al. concluded that although the individual treatment session costs were lower for rTMS than ECT, the cost for a course of rTMS was not significantly different from that for a course of ECT as more rTMS sessions were given per course (18) .
If the MMD prevalence is supposed to be 0.127 in Iranian population, the ICER results show that the ECT is more costeffective than the rTMS. The ECT response rate, especially in the initial or intervention phase, is more than rTMS. The costs of both strategies are also not very different; and the ECT is more cost-effective than the rTMS. In addition, in the follow up (maintenance) phase, the remission rate for rTMS is supposed to be more than the ECT but in the total therapeutic phase the ECT is more effective.
Furthermore, the incremental cost-utility analysis showed that, the patients' quality of life has been changed after the ECT strategy more than the rTMS. So, the rTMS has greater cost-utility than the ECT. Although the ECT requires anesthesia and shock, more efficacy was resulted from the ECT in long term; and greater improvements in patients' living status may compensate these disadvantages. Generally, the ECT seems preferable to the rTMS.
Knapp et al. found thatrTMS has a very low probability of being more costeffective than ECT. Indeed, considering the cost of achieving an additional qualityadjusted life year, the cost-effectiveness of rTMS does not look attractive by reference to the threshold revealed by a review and econometric analysis of recommendations made by the National Institute for Health and Clinical Excellence (NICE) (15) .On the other hand, McLoghlin et al. presented a more conservative conclusion and expressed that ECT is a more effective and potentially cost-effective antidepressant treatment than a 3 week rTMS. Optimal treatment parameters for rTMS need to be established for treatment of depression. More research is required to refine further administration of ECT in order to reduce associated cognitive side-effects while maintaining its effectiveness. There is a need for large scale, adequately powered RCTs comparing different forms of ECT (18) .
The sensitivity analysis shows that, if the MMD prevalence in Iranian population is 4.1%, the rTMS is more cost-effective than the ECT. Considering low prevalence of MMD, rTMS' lower costs compared with ECT have a more prominent role than the ECT with greater remission rate. In fact, it seems that the rTMS' lower cost compensates the ECT's greater remission rate. Moreover, if the rTMS is provided by a public medical facility (such as public hospitals) the rTMS is more cost-effective than the ECT. As mentioned previously, the rTMS has lower costs than the ECT; if the therTMS is provided by a public medical facility, the costs will be reduced considerably and cover its lower response and remission rates.
According to the results of the sensitivity analysis on the key parameters, the response rate in the initial and follow up therapeutic phases showed that our results were adequately robust across a range of parameter values for both comparisons. If the costs of the rTMS reduces, the results will be change in favor of the rTMS. This is a common result that may occur in economic evaluation studies and it is related to natural uncertainty of the circumstances. Kozel et al. concluded that" If repetitive TranscranialMagnetic Stimulation (rTMS) were to be made widely available in the USA, it would offer a substantial economic benefit over electroconvulsive therapy (ECT) in treating resistant depression" (23).
Conclusion
Considering a low prevalence of MMD between Iranian populations, the rTMS is more cost-effective than ECT. If the costs of rTMS decrease through providing this service by a public medical facility, the rTMS is more cost-effective than the ECT.
Limitations
There are no accurate and comprehensive statistics about the MMD prevalence among the Iranian population and the authors used the prevalence ratio that extracted from a systematic review in 2010 and expert's opinions. Also, in the costing process, the direct costs have been considered and the indirect cost including the productive loss costs have not been taken into account in this study.
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